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(54) An electronic part and a method of production thereof 



(57) The present invention relates to an electronic 
part used for mobile communications apparatuses and 
the like, and more particularly to an electronic part, such 
as an acoustic surface-wave device, a piezoelectric 
ceramic device or the like, which requires an osdilation 
space near the surface of the functional device chip 
thereof, and a method of production thereof. With this 
method, a space retainer for forming a sealed space at 
the functional portion of the chip can be hermetically 
sealed and have high moisture resistance, and the proc- 
ess of forming the space retainer can be carried out 
easily. 

The electronic part of the present invention com- 
prises a functional device chip, a space retainer for 
forming a sealed space at the functional portion of the 
chip, a circuit substrate to which the chip is secured, 
electrode interconnection portions for establishing elec- 
tric connection between the dnip and the circuit sii>- 
strate, and a sealing resin for covering and sealing at 
least the space retainer, wherein the space retainer 
comprises a support layer made of a synthetic resin 
film, provided with an evening enclosing the functional 
portion and joined onto the main surface, and a cover 
formed and joined onto the stpport layer so as to cover 



the functional portion and form a sealed space between 
the cover and the functional portion. 

Fig.1A 




Fig,1B 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to an electronic part 
used for rrK)bile communications apparatuses and the 
like, and a method of production thereof, and more par- 
ticularly to an electronic part, such as an acoustic sur- 
face-wave device, a crystal device or a piezoelectric 
ceramic device, which requires an oscillation space 
near the surfece of the functional device. chip thereof, 
and a method of production thereof. 

Prior Art 

As the progress of mobile communications, elec- 
tronic parts, a kind of key devices constituting appara- 
tuses, are requested to be made more compact, lower 
in profile and higher in performance. 

FIQ. 20 shows the structure of a conventional elec- 
tronic part having a functional portion 2 as an oscillation 
surface on the main surface 21 of a piezoelectric oscil- 
lation device. A functional device chip 1 is secured to a 
package 206 via an adhesive 205, Electric conduction 
between the chip 1 and the package 206 is established 
by electrode interconnection portions 6 comprising thin 
metallic wires made of gold, aluminum or the like, Fur- 
therntore, a metallic protection cap 207 Is joined to the 
package 206 by seam welding or the like so as to 
ensure hermetic sealing. 

However, in the case of an electronic part witii such 
conventional thin metallic wires, the package is required 
to have lands for connecting the thin metallic wires to 
the package and is also required to have a joint portion 
for joining a cover, thereby causing limitations when 
making the electronic part more compact. In addition, 
as the operation frequency of an electronic part, in par- 
ticular, such an electronic part as an RF acoustic sur- 
face-wave device operating at radio frequencies, is 
higher, the inductance of the thin metallk; wires 
becomes nonnegllgible. 

As an approach to cope witii the trend of making 
el ctronic parts more compact and operable at radio 
frequencies. Instead of the conventional wire bonding 
mounting metiiod, face-down mounting of acoustic sur- 
face-wave devices has been attempted by Onishi. et al 
as described in "A 1 .5 GHz-Band SAW Filter Using Flip- 
Chip-Bonding Technique". Proceedings on 1993 Lapan 
lEMT Symposium, pp109-1 12). 

A conventional electronic part produced by a face- 
down mounting method and a method of production 
thereof are described below. FIG. 21 is a schematic 
sectional view showing tiie structure of a conventional 
electronic part wherein a surface oscillation portion, a 
functional portion 2. is disposed as tiie above-men- 
tioned functional device on one main surface of an 
acoustic surface-wave device. The electronic part is 



provided with conductive projection portions on elec- 
trode pads 3 formed on the functional device chip 1. 
Furthermore, face-down mounting is cam'ed out as fol- 
lows: an electrode connection member 6 obtained by 

5 transfenring and applying a conductive adhesive 6b onto 
the conductive projection portion 6a is made contact 
wrtti electrode pads 83 on a package or a circuit sub- 
strate made of alumina, glass-ceramics or the like, and 
face-down mounting was carried out so as to establish 

10 external conduction. Moreover, a sealing resin 7 was 
used to reinforce the adhesion, because the adhesion 
strength between tiie chip 1 and the circuit sut^rate 8 
Is weak. Besides, a highly viscous insulating resin is 
used for tiie sealing resin 7 so as to obtain an oscillation 

IS space 20 around the functional portion 2. Additionally, a 
metallic protection cap 207 is connected to the circuit 
substrate 8 so as to obtain hermetic sealing at the 
space of the functional portion. 

However, the conventional electronic part has tiie 

20 problem of requiring strict control of the viscosity and 
charge amount of the sealing resin in order to maintain 
the space near the functional portion of the functtonal 
device chip. To solve this problem, as disclosed in Jap- 
anese Laid-open Patent Application No. 8-307198. a 

25 method is proposed wherein the sealing resin can be 
charged easily by providing a protection circuit sut>- 
strate. that is. a space retainer having a dent or cavity 
on the inner surface con'esponding to tiie vicinity of tiie 
functional portion of the chip. 

30 As shown in FIG. 22. in a conventional electronic 
part, a hermetically sealed space 20 is maintained in 
the functional portion 2 by directiy joining the space 
retainer 5 having a cavity portion onto the main surface 
21 around tiie functional portion 2 of the functional 

35 device chip 1. The cavity portion inside the space 
retainer is formed by tiie corrosion method In a surface 
region feeing tiie functional portion at a ceramic piece 
made of such crystal, other piezoelecti-ic crystal or glass 
as the chip material of the acoustic surface-wave device 

40 SO as to obtain the space retainer 5. and direct joint by 
chemical covalent bond between the space retainer and 
the main surface around the functional portion is used. 
Since the functional portion of the chip 1 is protected by 
the space retainer 5, the sealing resin 7 can be fully 

45 charged, thereby making the control of the sealing resin 
easier. 

The sealing resin can be controlled easily by pro- 
viding the space retainer to form the sealing space. 
However, alkaline washing is necessary in the process 

50 of direct joint between the functional device chip and tiie 
space retainer. Therefore, an aluminum electrode can- 
not be applied to the functional portion of the chip, and 
the process of forming tiie space retainer and directiy 
joining tiie space retainer becomes complicated, result- 

55 ing In higher cost. In addition, on the main surfece of the 
chip, electrode wires are formed between the functional 
portion and the electrode pads, generating stepped por- 
tions. The fringe portion of the hard and rigid space 
retainer is directly joined onto the main surface of the 
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chip, while crossing the stepped portions of the elec- 
trodes. Therefore, it is difficult to fully obtain hermetic 
sealing in the space of the functional portion between 
the main surface and the fringe portion of the space 
retainer. In this respect of obtaining hermetic sealing. 5 
the protection cap was necessary just as in the case of 
the conventional device. 

Accordingly, an object of the present invention is to 
form a space forming structure having sufficient her- 
metic sealing at low cost. Another object of the present 10 
invention is to provide a reliable electronic part pro- 
duced by face-down mounting at low cost in the protec- 
tion structure of the functional portion, and allowing 
easy control of the sealing resin, and a method of pro- 
duction thereof. is 

SUMMARY OF THE INVENTION 

In the electronic part of the present Invention, the 
above-mentioned space retainer is formed from a rela- 20 
tively softer synthetic resin to obtain hermetic sealing at 
the joint portion between the main sur^ce of the func- 
tional device chip and the fringe portion of the space 
retainer. For this purpose, the space retainer comprises 
two layers: a support layer made of a synthetic resin film 25 
having an opening around the functional portion and 
joined onto the main surface, and a cover covering the 
functional portion and jointly formed on the support 
layer while forming a hermetic space between the sup- 
port layer and the functional portion. 30 

Furthermore, in the present Invention, an isolation 
layer on the external surface of the cover is formed to 
cover the space retainer comprising the support layer 
and the cover. The isolation layer is used to isolate the 
sealing resin attached at the time of mounting from the 3S 
cover resin so that they do not contact each other. 
Chemical reaction between the sealing resin and the 
cover resin is prevented in the process of the attaching 
and curing of the sealing resin. The isolation layer pre- 
vents tiie cover from making contact with the functional 40 
portion when the cover is deformed by swelling, thereby 
maintaining the oscillation surface in the functional por- 
tion. 

In the production metiiod of the electronic part of 
the present invention, to obtain the space retainer hav- 4S 
ing the above-mentioned structure, the process of form- 
ing the space retainer comprises a step of forming the 
support layer by using a synthetic resin film so tiiat the 
support layer has an opening enclosing the functional 
portion of the functional device chip on the main surface so 
of the chip, and a step of forming tiie cover made of the 
synthetic resin film on the support layer and joining tiie 
cover. 

In addition, in the production method of the elec- 
tronic part, a step for forming the isolation layer for cov- ss 
ering the external surface of the support layer is 
included after the formation of the space retainer. At the 
time of mounting, chemical reaction is prevented 
between the sealing resin and the cover resin in the 



sealing resin attaching and curing steps in the sealing 
resin charging process, thereby protecting the oscilla- 
tion surface. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1A is a sectional view of a face-up mounted 
electronic part provided with a space retainer at the 
functional portion of a functional device chip in 
accordance with the present invention; 
FIG. IB is a view similar to that of FIG. 1A and 
shows the face-down mounted electronic part in 
accordance with tiie present invention: 
FIG. 2 shows steps of providing the space retainer 
at the functional portion of the functional device 
chip in accordance with the present invention: 
FIG. 3A is a side sectional view showing the func- 
tional device chip having the support layer structure 
of the space retainer in accordance with the present 
invention; 

FIG. 3B is a vertical sectional view showing the 
functional device chip having the support layer 
structure of the space retainer in accordance with 
ttie present invention: 

FIGS. 4A and 4B are plan and vertical sectional 
views showing the structure of the cover of the 
space retainer in accordance with the present 
invention, respectively: 

FIG. 5 is a view similar to that of FIG. 1 A and shows 
another emtsodiment of the present invention; 
FIG. 6 is a view similar to that of FIG. 1 B and shows 
another emkxxliment of the present invention; 
FIG. 7 is a view similar to that of FIG. 3 and shows 
a space retainer in accordance with another 
embodiment of the present invention; 
FIG. 8 is a view similar to that of FIG. 4 and shows 
a space retainer in accordance with another 
embodiment of the present invention; 
FIG. 9 is a view similar to that of FIG. 1 A and shows 
another emkxxliment of the present invention: 
FIG. 10 is a view similar to tiiat of FIG. IB and 
shows another embodiment of the present inven- 
tion; 

FIG. 11 is a view similar to that of FIG. IB and 
shows another emtxxjlmerrt of the present inven- 
tion; 

FIG. 12 is a view similar to tiiat of FIG. IB and 
shows a another embodiment of the present inven- 
tion: 

FIG. 13 is a view showing steps of forming tiie 
space retainer and an isolation layer at the chip 
functional portion of the functional device chip in 
accordance with another embodiment of the 
present invention; 

FIG. 14 Is a view similar to that of FIG. 13 and 
shows steps of forming the space retainer and the 
isolation laye* at the chip functional portion of the 
functional device chip in accordance with another 
embodiment of the present invention: 
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FIG. 15 is a view similar to that of FIG. 1A and 
shows another embodiment of the present inven- 
tion: 

FIG. 16 is a view similar to that of FIG. 1A and 
shows another embodiment of the present inven- 
tion; 

FIG. 17 is a partial plan view of a plurality of elec- 
tronic parts arranged and mounted on a circuit sub- 
strate in accordance with another embodiment of 
the present invention; 

FIG. 18 is a sectional view showing an electronic 
part with functional device chips mounted on a 
multi-layer circuit substrate in accordance with 
another emtxxliment of the present invention: 
FIG. 19 is a view similar to that of FIG. IB and 
shows another embodiment of the present inven- 
tion; 

FIG. 20 is a sectional view showing a structure of a 
conventional electronic part; 
FIG. 21 is a sectional view showing another struc- 
ture of a conventional electronic part; 
FIQ. 22 is a sectional view showing another struc- 
ture of a conventional electronic part. 

EMBODIMENTS OF THE INVENTION 

Embodiments of the present invention will be 
desaibed below referring to accompanying drawings. 

A functional device chip 1 in accordance with the 
present invention is widely categorized as a device 
suited to have a space retainer 5 on at least one main 
surface 21. Such a functional device is a piezoelectric 
oscillation device having an oscillation surface at the 
functional portion on the surface of the chip. Such a 
device as having an oscillation surface at only one main 
surface 21 is an acoustic surface-wave oscillation 
device, for example. In the device, interdigital electrodes 
formed on the oscillation surface used as a functional 
portion 2 and electrode pads connected from the elec- 
trodes to leads are formed on the main surface. 

A piezoelectric oscillation device having functional 
portions on two or more main surfaces is a bulk oscilla- 
tion device, such as a crystal oscillator or a ceramic 
oscillator. Electrodes are formed on the oscillation sur- 
faces used as two functional portions. Electrodes pacte 
connected from the electrodes to the leads are formed 
on the main surface. 

An electronic part in accordance with the present 
invention basically comprises a functional device chip 1 
having a functional portion 2 on at least one main sur- 
face 21, a space retainer for forming a hermetically 
sealed space 20 at the functional portion of a chip, a cir- 
cuit substrate 8 for securing the chip, an electrode con- 
nection portion 6 for making electric connection 
between the chip and the circuit substrate, and a seal- 
ing resin 7 for covering and sealing at least the space 
retainer 5. 

In the case of facenip mounting, the production 
method of the electronic part of the present invention 



generally comprises a step of forming a space retainer 
for forming a hermetically sealed space at tiie functional 
portion of a functional device chip having the functional 
portion on at least one main surface: a step of attaching 

5 and securing the opposite surface of the main surface of 
the ch^ to the circuit substrate; a step of making electric 
connection between the chip and the circuit substrate 
via electrode interconnection portions, and a step of 
attaching a sealing resin so as to cover tiie space 

10 retainer 

Another production method of the electronic part, in 
the case of face-down mounting, generally comprises a 
step of forming a space retainer for forming a hermeti- 
cally sealed space at the functional portion of a func- 

75 tional device chip which has the functional portion on at 
least one main surface (a step similar to that described 
above); a step of forming electrode interconnection por- 
tions on the chip or the circuit substrate: a step of con- 
necting tile electrode interconnection portions to the 

20 circuit substrate with the main surface disposed oppo- 
site to the circuit substrate: and a step of charging a 
sealing resin between the chip and the circuit substrate 
so as to hermetically seal the space retainer and the 
electrode interconnection portions. 

25 In the present invention, the space retainer for form- 
ing the hermetically sealed space at the functional por- 
tion on the main surface of the functional device is 
t)asically provided on the main surface. The space 
retainer 5 comprises two layers: the support layer 5a 

30 made of a synthetic resin film, having an opening 50 
surrounding the functional portion 2 and joined to the 
main surface 21 , and the cover 5b jointiy formed on the 
support layer 5a so as to cover the functional portion 2 
by forming the hermetically sealed space 20 between 

35 the support layer 5a and the functional portion 2. 

Furthermore, the process of forming the space 
retainer comprises two steps: a step of forming the sup- 
port layer and a step of forming the cover. 

Rrst. the support layer of the space retainer is 

40 joined to the main surface so as to surround the func- 
tional portion in the opening, and has a predetermined 
thickness for determining a gap in the space so as to 
support the cover. The opening of the support layer is 
formed so as to evade one or two or more surface 

45 regions of the functional portion on the chip. The sup- 
port layer Is required to have a width enough to support 
the cover. FIG. 3 shows a support layer 5a having a sim- 
ple shape. In FIG. 3. a rectangular frame-shaped sup- 
port layer 5a is joined and secured around tiie functional 

50 portion 2 so that the functional portion 2 faces tiie open- 
ing 50. 

Since the support layer is made of a synthetic resin 
film and formed on tiie main surface, tiie support layer 
5a can closely contact the main surface 21 while follow- 
55 tng the contour of tiie stepped portions 31 generated by 
the leads and electrodes as shown in FIG. 3A, thereby 
securing hermetic sealing between tiie support layer 
and the main surface. However, the shape of the sup- 
port layer is not limited to a rectangle, and the shape of 
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the opening of the support layer 111 is not llnriited spe- 
cially. 

A resin film pattern-formed on the main surface can 
be used for the support layer, A photosensitive resin film 
produced by the photoresist method is preferably used s 
for the support layer. The photosensitive resin film is 
joined to the main surface and pattern-formed in a 
frame shape. 

The step of forming the support layer includes pat- 
tern-forming of the photosensitive resin film on the main 10 
surface. For example, after a photo-curing organic film 
is placed over the functional portion and its periphery, 
the film is cured by light in-adiation over a surface region 
corresponding to the shape of the support layer, 
uncured resin is removed, and the remaining synthetic is 
resin film is used as it is. For this purpose, the use of a 
dry film resist is most desirable. A synthetic resin film 
made of poiyimide or the like and pattern-formed by 
photo-curing in the same way as described atx>ve can 
also be used for another type of support layer. 20 

In addition, a cured resin film placed over the main 
surface by printing can also be used for the support 
layer. In other words, a cured film of an insulation resin 
which is joined on the main surface, provided with an 
opening and attached in a frame shape for example can 25 
be used for the support layer. The step of forming the 
support layer includes screen printing of insulating resin 
liquid on the main surface. 

For example, a film okstained tjy forming an insulat- 
ing adhesive in a frame shape only around the func- 30 
tional portion by printing such as the screen printing 
method, and then by curing the adhesive by heating or 
light irradiation can he used for the support layer. 

Furthermore, a cured mender of a semi-solid resin 
sheet which is preformed, transfeaed and joined onto 3S 
the main surface can he used for the support layer. The 
step of foroung the support layer includes lamination of 
the resin sheet on the main surface of the functional 
device chip after an opening is formed at the resin sheet 
in its semi-cured condition. In other words, a film lami- 40 
nated on the chip and then thermoset can be used for 
the semi-cured resin sheet preformed to have an open- 
ing. 

In the case of a chip having a plurality of functional 
portions, the support layer of tiie space retainer may be 45 
formed at each functional portion. Preferably, it is possi- 
ble to form a wide support layer having openings pro- 
vided corresponding to all functional portions. 

The thickness of the support layer should be a 
value for maintaining a space required to ke^ transmis- so 
sion of acoustic surface waves good. In actual practice, 
however, since there are limitations in production proc- 
esses and the cover has a warp, the thickness is 
required to be 3 tim or more. Preferably, the appropriate 
thickness of the support layer is 10 to 30 iim, ss 

In case the support layer is made of an elastic 
material, the support layer can function as a sound 
absorption material, and can offer effects of preventing 
unwanted reflection of acoustic surface-waves art6 bulk 



waves, for example, on the upper device surface. Con- 
sequentiy. tiie support layer can also be used as a 
sound absorption material which was required conven- 
tionally. The support layer may be disposed on a grating 
reflector or an inteidigital electrode with apotized 
weight. 

Next, the cover 5b of the space retainer 5 covers 
the functional portion 2, and the peripheral fringe por- 
tion thereof is joined onto the support layer 5a, a her- 
metically sealed space 20 is formed between the inner 
surface of tiie cover and tiie oscillation surface of the 
functional portion, and the space is thus hermetically 
sealed. FIGS. 4 to 8 show examples wherein a cover 
having a rectangular upper surface is disposed on tiie 
support layer so as to form a space forming member. 

The cover disposed on the support layer is prefera- 
bly made of a synthetic resin film. It is particularly pref- 
erable that the same resin as tiiat used to form tiie 
support layer is used so as to release the effects of join- 
ing sti-ess during thermal forming. 

The forming of tiie cover can be best attained by 
transferring the cover made of a photosensitive syn- 
tiietic resin film having been separately formed into the 
shape of a base beforehand on the support layer and by 
heating under pressure. When the cover made of the 
film is formed, the photosensitive synthetic resin film is 
covered by a mask corresponding to the external shape 
of the cover, light irradiation is carried out over the base 
to remove unwanted peripheral portions, and the film is 
separated from tiie basa The obtained film is then 
transfened onto the support layer and joined by heating 
urxier pressure. 

In the cover forming process, as a method other 
than the transfer method, a lamination method for lami- 
nating a resin film for the cover may be used in tiie same 
way as the support layer forming process. In this case, 
to form the support layer, a photosensitive resin sheet or 
film can be attached to the upper surface of the support 
layer, and aligned to the external shape of the support 
layer by patterning. To prevent the cover from warping, 
the lamination temperature of the cover should prefera- 
bly be lower than the lamination temperature of the sup- 
port layer. 

In the step of forming tiie support layer or the cover, 
when tiie steps of exposing and developing a photosen- 
sitive organic film is carried out, it is preferable that an 
inorganic thin film made of silicon oxide or tiie like is 
formed in the functional portion of the functional device 
chip in order to protect the functional portion of the chip, 
particulariy to protect the electrodes made of aluminum 
from being damaged by weak alkaline development liq- 
uid. When it is difficult to form an inorganic thin film at 
the functional portion, it is preferable that a dry film 
resist of a non-alkaline development type is used. 

In case tiie support layer or cover of the space 
retainer is made of a synthetic resin, a liquid sealing 
resin is sealed and thermoset. tiie resin of the support 
layer or the cover is reacted with tiie sealing resin, an6 
tiien the support layer and the cover in particular may 
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be swelled and deformed. As a result, the deformed and 
inwardly warped cover may make contact with the oscil- 
lation surface of the functional portion, thereby prevent- 
ing oscillation, and damaging the function of the 
functional device. In this case, to prevent the chemical 
reaction between the two, it is preferable that an inor- 
ganic thin film made of a stable material, such as a 
metallic film, or an inorganic thin film made of silicon 
oxide, silicon nitride or the like is formed as an isolation 
layer 9 outside the cover 5b as shown in FIG. 5. A metal- 
lic isolation layer 9 is a film made of gold, aluminum, 
nickel, titanium or other metal, a multilayer film or an 
alloy film. 

As the method of forming the metallic isolation layer 
9 on the external surface of the cover 5b, a physical 
forming method by vapor phase deposition, such as the 
vacuum deposition method, the sputtering method or 
the ion plating method is preferably used widely. When 
a nonmetallic inorganic film is formed, the sputtering 
method can be used appropriately. 

In other preferable forming methods, the isolation 
layer should preferably be formed when the cover made 
of the synthetic resin film preformed on the separate 
base is transferred to the support layer in the process of 
forming the cover. In other words, after the synthetic 
resin film to be used as the cover and the metallic layer 
as the isolation layer are simultaneously formed on the 
film in the lamination condition beforehand, the cover 
made of a resin film is transferred onto the support 
layer. The metallic layer is also transferred when the 
cover is transfenred onto the support l^er. When the 
resin film Is thermoset, the metallic f flm is secured to the 
external surface of the cover, thereby forming the isola- 
tion layer. 

Since the isolation layer is used to Isolate the cover 
made of an organic material from the sealing resin to be 
used for sealing later so as to prevent chemical reaction 
between the two resins. As a result, it is possible to 
obtain an electronic part having a space holding struc- 
ture having an appropriate shape even after the sealing 
resin is thermoset. In addition, the effect or preventing 
moisture entry to the functional portion can be 
improved, and the moisture resistance of the functional 
device can also be improved significantiy. thereby 
enhancing the reliability of the electronic part. 

In case a metallic film is used as the isolation layer, 
it is preferable that the isolation layer is electrically con- 
nected to the grounding electrode formed on the func- 
tional device chip so that the isolation layer can also 
function as an electromagnetic shielding film. With this 
structure, radio frequency waves can be shielded at the 
functional portion, thereby improving the frequency 
response of the radio frequency oscillation device. 

In case an insulating inorganic film, such as a film 
made of the above-mentioned silicon oxide, is used as 
the isolation layer, it is preferable that the isolation layer 
is formed so as to fully cover the support layer and the 
front surface and the side surface portions of the cover. 
With this structure, moisture is prevented from transfer- 



ring from the sealing resin, thereby completely prevent- 
ing moisture from errtering the functional portion. 

It is preferable that the isolation layer comprises two 
layers: a metal coated layer and a ceramic coated layer 

5 so that the metal coated layer can offer an electromag- 
netic shielding effect and so that the ceramic coated 
layer can attain complete moisture prevention. 

The above-mentioned description applies to a case 
wherein the space retainer is formed on one main sur- 

10 face of the functional device chip. However, space 
retainers can be formed on both main surfaces of the 
chip, just as in the case of a bulk oscillator which is 
required to have oscillation spaces on two main sur- 
faces of tiie chip. In such a case, oscillation surfaces are 

15 provided on both surfaces of the chip, just as in the case 
of a crystal oscillator and a ceramic oscillator, for exam- 
ple. 

In the functional device chip provided with the 
space retainer, the space retainer is hermetically sealed 

20 by a sealing resin, that is, an insulating thermosetting 
resin. In case the space retainer is provided witii the iso- 
lation layer as desaibed above, it is not necessary to 
worry about reaction between the isolation layer and the 
resin constituting the space retainer. For this reason, a 

25 conventional epoxy or silicon resin can be used. 

TTie functional device chip 1 provided with the 
space retainer 5 is secured to the circuit substrate 8. A 
ceramic circuit substrate 8. a synthetic resin circuit sub- 
strate or a circuit substrate of a lamination comprising a 

30 ceramic resin and a synthetic resin can also used as the 
circuit sut}strate. Traditionally, no synthetic resin circuit 
substrate was used for the oscillation device because 
the circuit substrate is not moisture-proof. However, a 
synthetic resin circuit sut)strate can be used for the 

35 present invention, since the space retainer is formed, in 
particular, the isolation layer is formed to achieve mois- 
ture prevention. An alumina circuit substrate is used as 
a ceramic circuit substrata A glass-epoxy resin circuit 
substrate which was not used because it is not mois- 

40 ture-proof. and a resin circuit substrate, such as a glass- 
epoxy resin circuit sut>sti'ate or a polyimide circuit sub- 
strate, can also be used as a synthetic resin circuit sut>- 
strate, and can ensure sufficient reliability. 

In the case of face-up mounting, when the func- 

45 tional device chip is secured to the circuit substrate, a 
surface (usually, the back surfcice of the main surface) 
other than the main surface, on which the functional 
portion of the chip is formed, is opposed to the surface 
of the circuit substrate, and the chip is secured by adhe- 

50 sion via an adhesion layer 205. 

In tiie case of face-down nrKSunting for securing tiie 
functional device chip, the circuit substrate is opposed 
to the space retainer of the functional portion of the chip. 
The above-mentioned thermosetting sealing resin liquki 

55 is filled therebetween, and thermoset to secure the chip. 
In tiie case of face-down mounting, electric connec- 
tion and conduction is established between the elec- 
trode pad of the functional device chip and the electrode 
pad for wiring on the circuit substrate side. The oonduc- 



6 



11 



EP0 794 616 A2 



12 



tion portion is buried in the sealing resin. 

For the electrical connection between the functional 
device chip and the circuit substrate, a method of con- 
necting the electrode pads by wire bonding, a method of 
contacting the electrode pads by using metallic conduc- s 
tive bumps, or a method of connecting pads by using 
cured members made of a conductive resin are used. 
The wire bonding method is used for face-up mounting, 
and the pad method is used for face-down mounting. 

As an electrode connection member 6 for the pump io 
method, a metallic conductor having a projection por- 
tion projected from the electrode pad 3, 83 on the func- 
tional device chip side or on the circuit substrate side is 
used. The tip of tiie projection portion is directly made 
contact with the mating electrode pad so as to be is 
secured. In addition, an electrode connection member 6 
can be used, wherein a small-diameter projection 61a 
provided at the tip of the projection portion 6a is directly 
made contact with the electrode pad 3, 83. At the small- 
diameter projection provided at the tip of the projection 20 
portion, tiie head portion of a conductive synthetic resin 
for accommodating the projection Is fbrmed by the 
transfer method so that the head portion Is made con- 
tact with the mating electrode pad and then cured. This 
method is also used preferably. Usually, the projection 25 
portion of the electrode connection member of the 
metallic conductor is joined with each electrode pad by 
baW bonding one end of a gold wire, and each projection 
portion Is prepared at a constant length. In the ball 
bonding method using gold wires, since the electrode 30 
pad of the chip has the projection structure equipped 
with the small-diameter projection, it is possible to easily 
control tiie transfer amount of tiie adhesive at the head 
portion of the conductive resin in a later process. 

The conductive resin used as the electrode connec- 35 
tion member 6 is made by kneading a resin binder with 
a faier such as an AgPd alloy and otiier metal powder 
used as the conductive filler of a conductive adhesive 
6b. A phenoxy thermoplastic adhesive, a silicon or 
epoxy ttiermosetting adhesive or the like can be used as 40 
the resin. 

As described above, in the case of face-up mount- 
ing, the functional device chip therein the space retainer 
for forming a hermetically sealed space at the functional 
portion Is formed on the main surface Is mounted while 45 
the opposite surface of tiie main surfece are placed so 
as to face the circuit substrate. Electric connection is 
established between tiie chip and the circuit substrate 
as tiie electrode connection portion by using wires. 
Sealing is established containing the space retainer and so 
the elecfode connection portion. Consequentiy. an 
electronic part is obtained. It is also possible to otstain a 
mold-type electronic part by mold-forming the entire 
chip including the space retainer and tiie electrode con- 
nection portion by using a sealing resin. 55 

In the case of face-down nxjunting, a bump is 
fbrmed as an elecb-ode connection portion on the elec- 
trode pad of the functional device chip or the electrode 
pad of the circuit sutistrate. The chip is placed so as to 



face the circuit substrate, and the bump is joined with 
another electi'ode pad of the bump. A sealing resin is 
filled between tiie chip and the circuit substrate and 
thermoset. and at the same time the space retainer is 
hermetically sealed. Consequently, an electronic part is 
obtained. In this face-down mounting, it is also possible 
to obtain a mold-type electronic part by mold-forming 
the entire chip including tiie space retainer and tiie elec- 
trode connection portion by using a sealing resin in the 
same was as described above. 

With the present invention, hermetical sealing, 
moisture prevention in particular can be ensured in tiie 
space wherein the furx:tionai portion is held by the sup- 
port layer of the space retainer and tiie cover. It is pos- 
sible to directiy mount a chip on a circuit substrate, such 
as a resin circuit substrate, as well as a ceramic circuit 
substrate. As a result, no package is required, and com- 
pact electronic parts can be obtained at low cost. Fur- 
thermore, after tiie space retainer is formed, it is 
possible to prevent conductive foreign matters from 
entering the functional portion. For tiiis reason, dean 
environment is not necessary in the mounting process 
of the functional device, thereby significantly reducing 
production cost. 

In the above-mentioned explanation, a metiiod of 
mounting one functional device chip is described. How- 
ever, a plurality of chips can be arranged and mounted 
on one circuit substrate, a sealing resin can be charged 
by one operation, and after this, the circuit substrate can 
be cut and divided into the basic unit portions of the cir- 
cuit substrate on which the chips are arranged, as nec- 
essary. 

(Embodiment 1) 

In FIGS. 1A and IB, an acoustic surface-wave 
device having a sur^ce^ave propagation sur^ce as a 
functional portion 2 on a main surface 21 of a functional 
device chip 1 is shown as an example of an electronic 
part. In the acoustic surface-wave device 1 . a transver- 
sal interdigrtal electrode is fbrmed by using the ordinary 
photo-lithographic method for the functional portion. 
The electrode pads 3 for establishing electi'ic conduc- 
tion with an external circuit outside the functional por- 
tion is made of a metallic film mainly consisting of 
aluminum. 

In tiie electronic part shown in FIG. 1 A. tiie func- 
tional device chip 1 is equipped with a space retainer 5 
for covering the functional portion 2 and for forming a 
hermetic space 20 tfierein. The opposite surface side of 
the chip 1 faces a circuit substrate 8 and is secured to 
the circuit substi^ate by an adhesive layer. The electi'ode 
pads 3 on tiie main surface 21 are connected to the wir- 
ing electrode pads 83 of tiie circuit substrate 8 by wire 
bonding using gold wires. 

First, a metiiod of forming the space retainer com- 
prising a support layer 5a and a cover 5b is described 
below referring to FIG. 2. The functional portion of the 
functional device chip 1 provided with the functional por- 
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tion 2 and the electrode pads 3 is laminated with the 
photosensitive resin portion 1 1 0b of a dry film resist 1 1 0 
by heating under pressure (FIG. 2-a). The support layer 
5a is formed on the chip 1 by conducting exposure by 
the ordinary exposure method using a photo-mask 111 
on a transparent film 111a designed so as to have a par- 
tial opening 50 at least at the functional portion 2 and 
the electrode pads 3 (FIG. 2-b). by conducting develop- 
ment and by carrying out weak alkaline washing, 
thereby fbrming the support layer 5a on the chip 1 (FIG. 
2-c). 

FIG. 3 shows the arrangement of the support layer 
5a on the main surface 21. The support layer 5a 
encloses the interdlgital electrode on the main surface 
21 at the opening 50 thereof. At the portions intersect- 
ing with electrode leads 31, the main surface 21 is 
joined properly and hermetically to the stepped portions 
31 of leads. 

Next, a dry film resist 11 0 is prepared separately 
This film resist in its film condition is pattern-formed in 
the shape of the cover 5b by using a photo-mask 112 on 
a transparent film 1 12a designed to cover the opening 
50 at the functional portion 2 (FIG. 2-e). The cover 5b is 
formed on the base film 1 10a of the dry film resist 110. 
A base film 11 3a is held with a frame-shaped clamp jig 
113, and an exposure resist 1 10b having the shape of 
the cover 5b is transfen-ed onto the support layer 5a by 
heating under pressure (FIG. 2-g). 

By following the akx)ve-mentloned process, the 
space retainer 5 comprising the support layer 5a and 
the cover 5b enclosing the functional portion 2 is 
formed. FIG. 4 shows the an-angement of the space 
retainer 5 having the film-shaped cover 5b secured to 
the upper surface of the support layer 5a and used to 
cover the opening 50 on the functional device chip 1 . 

As shown in FIG. 1A, the functional device chip 1 
having the space retainer 5 oomprising the support 
layer 5a and the cover 5b. as described above is 
secured onto an alumina circuit sulsstrate 8 via an adhe- 
sive 205 by face-up mounting, arxi conduction is estab- 
lished between the chip 1 and the circuit substrate 8 by 
electrode interconnection portions 6 made of gold 
wires. Finally, paste of an epoxy sealing resin 7 is piled 
and applied to the circuit substrate 8 on which the chip 
1 has been mounted. By thermosetting the paste, it is 
possible to obtain an electronic part wherein the space 
retainer 5 covering the functional portion 2 of the chip 1 
is securely hermetically sealed. 

FIG. 1 B shows an example wherein the functional 
device chip 1 provided with the space retainer 5 is face- 
down mounted on the circuit substrate 8. The chip 1 is 
mounted in the condition that the main surface 21 pro- 
vkied with the space forming member 5 is directed 
toward the circuit sut>strate 8, and tiien connected to the 
electrode pads 83. 83 of the ctrcutt sut>$trate via the 
electrode interconnection mennbers 6 having projection 
portions 6a made of gold wires projecting from the elec- 
trode pads 3, 3 of the chip. A clearance is formed 
between tine chip 1 and the circuit suk>sta'ate 8. A sealing 



resin is charged into the clearance of tiie sealing resin 
so as to secure the chip 1 to the circuit substrate 8. 

(Embodiment 2) 

5 

FIGS. 5 and 6 shows examples of electronic parts 
wherein the functional device chip ttiereof is an acoustic 
surface-wave filter comprising five acoustic surface- 
wave resonators used as its functional portion 2 on a 

10 main surface 21 and connected in a ladder form. In 
these examples, the chip is face-down mounted on the 
circuit substrate. 

In FIGS. 7 and 8. the support layer 5a of the space 
retainer 5 is formed in the same way as that described 

15 in embodiment 1 . In particular, in this example, an open- 
ing 50 corresponding to each acoustic surface-wave 
resonator is provided in a support layer 5a. The cover 
5b is a resin film having a shape for blocking ait the 
openings 50 at a time, and tiien joined onto the support 

20 layer 5a by heating under pressure. However, when tiie 
lamination metiiod is employed when processing tiie 
cover 5b. it is preferable that tiie support layer 5a is 
designed so that tiie area of each opening 50 is reduced 
in order to minimize the warp of the cover 5b. 

25 Next, before the chip 1 is mounted on the circuit 
substi-ate 8, a metallic mask having openings corre- 
sponding to tiie shape of tiie cover 5b is prepared, and 
an isolation layer 9 made of a deposition metal film 
made by the electronic beam deposition metiiod is 

30 fbrmed on tiie outer surface of the cover 5b. FIGS. 5 and 
6, sectional views, show the isolation layer 9 provided 
on the outer surface of the cover 5b of the chip 1 for an 
electronic part mounted on the circuit substrate 8. 

In FIG. 6. by the ball bonding method using iDold 

35 wires, a conductive projection portion 6a is formed on 
the electrode pad 3 of the functional device chip 1 to 
obtain electrode interconnection portions 6. The chip 1 
is positioned face-down on the circuit sitetrate 8. By 
using both heat and ultrasound, the conductive projec- 

40 tion portions 6a are connected to the wiring electrode 
pads 83 fbrmed on the circuit substrate 8. 

In the end, an epoxy sealing resin 7 is charged into 
the clearance formed between the functional device 
chip 1 and the circuit substrate 8, and then thermoset so 

45 as to obtain an electronic part wherein the functional 
portion 2 of the chip 1 1s securely hermetically sealed. 

FIG. 9 shows an example of an electronic part of a 
resin mold type wherein the sealing resin 7 is charged 
into the clearance formed between the functional device 

50 chip 1 and the circuit substiBte 8 and further molded so 
as to enclose tiie entire chip 1 . 

(Embodiment 3) 

55 FIG. 10 shows an acoustic surface-wave device 
having a functional portion 2 on a main surface 21 of a 
functional device chip. Electrode pads 3 made of metal- 
lic film mainly consisting of aluminum are formed on the 
chip 1 by using the ordinary photo-lithographic method 
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so as to establish electric conduction between an exter- 
nal circuit and the functional portion 2 having an inter- 
digital electrode. Just as in the case of the embodiment 
1 . the support layer 5a and the film-shaped cover 5b of 
a space retainer 5 are formed on the chip 1 by using a 
dry film resist 110. Next, a metal mask having an open- 
ing corresponding to the shapes of the cover 5b and a 
grounding electrode pad 3a is prepared, and an isola- 
tion layer 9 made of aluminum is formed by the sputter- 
ing method. 

In the isolation layer 9 made of the above-men- 
tioned metal, the isolation layer 91 thereof for covering 
the support layer 5a and the side surface portion of the 
cover 5b is electrically connected to a grounding pad 3b. 
With this structure, the isolation layers 9. 91 are 
grounded and also work as shielding electrodes. 

Furthermore, a conductive projection portion 6a 
having a two-step projection structure provided with a 
smalt-diameter projection 61a is formed on the elec- 
trode pad 3 of the functional device chip 1 by the ball 
bonding method using gold wires. By providing the two- 
step projection structure at the conductive projection 
portion 6a. the transfer amount of a conductive adhe- 
sive 6b can be controlled easily in the later process. The 
conductive projection portions 6a are pressed on a mir- 
ror-finished base (not shown) so that the plural conduc- 
tive projection portions 6a formed on the chip 1 can 
have a uniform height 

Next, the conductive adhesive 6b is transferred to 
and formed on the conductive projection portion 6a. The 
transfer and forming of the conductive adhesive 6b is 
carried out by penetrating the second projection 61a of 
the conductive projection portion 6a into an epoxy ther- 
moplastic conductive adhesive on the mirror-finished 
base, having a constant thickness and including an 
AgPd alloy as a filter, which is applied on the second 
projection 61 a. In the transfer process of the conductive 
adhesive, the height of the first projection of the conduc- 
tive projection portion is required to be higher than the 
sum of the heights of the support layer 5a and the cover 
5b. In this embodiment, the height of the first projection 
of the conductive projection portion 6a is set to 60 jim 
by using a gold wire having a diameter of 50 ^m. How- 
ever, even when a dry film resist having a thickness of 
20 fim Just as in the case of the first embodiment, the 
above-mentioned transfer process can be applied suffi- 
ciently. 

After this, as shown in FIG. 10. a sectional view 
after mounting, the functional device chip 1 having the 
conductive adhesive 6b attached thereto is positioned 
face-down smd placed on the circuit substrate 8 made of 
a glass-epoxy resin. The conductive adhesive is ther- 
moset to establish conduction to the circuit substrate. 
The epoxy seafing resin 7 was charged into the clear- 
ance formed between the chip 1 and the circuit sut>- 
strate 8 and was thermoset Consequentiy. an 
electa-onic part wherein the functional portion 2 of the 
chip 1 is securely hermetically sealed can be obtained. 



(Embodiment 4) 

FIG. 1 1 shows an example of an acoustic surface- 
wave device having a functional portion on a surface of 

5 a functional device chip. 

Rrst. just as in the case of embodiment 1 . a support 
layer 5a and a cover 5b are formed on tiie functional 
device chip 1 by using a dry film resist. A metal mask 
having an opening larger than the cover is prepared. 

10 and an isolation layer 9 made of silicon oxide is formed 
by sputtering. Witii tiiis sfucture, the isolation layer 9. 
91 made of an insulating inorganic film is made contact 
with an input/output electrode pad 3a and a grounding 
electrode pad 3b. and the wall surfaces of the support 

IS layer 5a and tiie cover 5b are covered by the wall sides 
91 of tiie isolation layer 9, thereby enhancing hermetic 
sealing. 

In case tiie functional device chip 1 having the iso- 
lation layer 9 made of an insulating inorganic film is 
20 mounted by face-down mounting, the chip does not 
cause malfunction even when tine wiring electrodes and 
ttie isolation layer 9 formed on tiie circuit substrate 8 
disposed opposite thereto are made contact with each 
other. 

25 Furthermore, a conductive projection portion 6a 
having a two-step projection structure is formed on an 
electrode pad 83 of the circuit substrate 8 by the ball 
bonding method using gokl wires. By provkjing the two- 
step projection structure at the corxiuctive projection 

30 portion 6a. the amount of tiie conductive adhesive 6b 
can be controlled easily in the later process. The con- 
ductive projection portion 6a is pressed on a mirror-fin- 
ished base so that the plural conductive projection 
portions 6a formed on the circuit substrate 8 can have a 

35 uniform height. Next, the conductive adhesive 6b is 
transferred to the conductive projection portion 6a. Just 
as in the case of embodiment 3, the coating and forming 
of the conductive adhesive 6b is carried out by penetrat- 
ing the second projection 61 a of the conductive projec- 

40 tion portion 6a of the circuit sut5Strate 8 into an epoxy 
thermoplastic conductive adhesive on the mirror-fin- 
ished base (not shown), having a constant thickness 
and including an AgPd alloy as a filler, which is applied 
on tiie second projection 61a. 

45 The functional device chip 1 having gold films 
formed on the electrode pads 3a. 3b is positioned so as 
to face the circuit substrate, and mounted on the circuit 
substrate 8 coated with the conductive adhesive 6b. 
The conductive adhesion 6a is then thermoset to estab- 

50 lish conduction to the circuit substrate. When the elec- 
trode pads 3 of the chip 1 is connected to the conductive 
adhesive 6b just as in the case of this embodiment, the 
outemiost surfaces of tiie electrode pads of the chip 
should preferably be made of gold films. 

55 In this embodiment, the conductive projection por- 
tion 6a is formed on the circuit substrate, and the con- 
ductive adhesive 6b is applied thereto. Therefore, the 
height from the main surface 21 of the functional device 
chip 1 or tiie electrode pad 3 to the external surface of 
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the cover 5b is not required to be set lower than the 
height of the first projection of the conductive projection 
portion. Accordingly, the degree of freedom for selecting 
the shape of the conductive projection portion 6 or the 
dimensional shapes of the support layer 5a and the 5 
cover 5b. 

In the end. an epoxy sealing resin 7 is charged into 
the clearance formed between the space retainer 5 of 
the functional device chip 1 and the circuit substrate 8 
and thermoset so that the functional portion 2 of the 10 
chp 1 is securely hermetically sealed by the sealing 
resin 7. and at the same time, the electrode intercon- 
nection portions 6 of this electronic part are embedded. 

As described above, in the electronic part compris- 
ing the conductive projection portions for estat>lishing is 
electric connection between the chip and the circuit sub- 
strate, the electrode interconnection portions made of 
the conductive adhesive, and the sealing resin for cov- 
ering at least the support layer, the cover and the elec- 
trode interconnection portions, the conductive 20 
projection portions are fbrmed on the circuit substrate. 
With this structure, the application of the conductive 
adhesive by transfer can be carried out easily irrespec- 
tive of the shape of bumps or the height of tiie cover. As 
a resuft. a highly reliable electronic part can be 25 
obtained. 

(Embodiment Si 

FIG. 12' shows an example of an acoustic surface- 30 
wave device having a functional portion on a main sur- 
face 21 of a functional device chip. Just as in the case of 
embodiment 1, a support layer 5 and a cover 5b are 
fbrmed on the chip 1 . An isolation layer 9 made of alu- 
minum is fbrmed on the external surface of the cover. 3S 
Just as in the case of ennbodiment 2, electrode intercon- 
nection portions 6 comprising conductive projection 
portions having a two-step projection structure is pro- 
vide on electrode pads 3 fbrmed on the chip 1 . The chip 
1 Is then positioned face-down on a circuit substrate 8. 40 
Connection is established between the conductive pro- 
jection portions and wiring electrodes 83 formed on the 
circuit substrate 8 by using both heat and ultrasound. 
The electrode pads 83 formed on tiie circuit substrate 8 
and connected to tiie electrode interconnection portions 45 
6 are made thicker than other electrode patterns t>y 
about 20 )im. 

Finally, an epoxy sealing resin 7 is charged into the 
clearance fbrmed between tiie functional device chip 1 
and the circuit sut^strate 8. and thermoset to obtain an so 
electronic part. 

In this embodiment, since tiie layers of the elec- 
trode pads 83 are made thick, the clearance between 
the cover 5b and tiie circuit substrate 8 to be charged 
witii the sealing resin can be obtained sufficiently, ss 
Therefore, tiie insulating resin 7 can quickly penetrate 
the space formed by the functional device chip 1 and the 
circuit substrate 8. As a result, the charging time of the 
sealing resin can be shortened significantiy. thereby 



improving productivity and reducing production cost. 
(Embodiment 6) 

FIG. 13 is a schematic view showing a space 
retainer forming process for forming an isolation layer 9 
and the cover 5b of a space retainer 5 at tiie same time. 
First, a support layer 5a is formed on a functional device 
chip 1 provided wrtii a functional portion 2 and electrode 
pads 3 (FIGS. 13a to 13c). Up to tiiis step, the forming 
process is the same as that of embodiment 1 . 

Next, a gold film 120 having a tiiickness of about 
300 nm is formed on a base 119 made of a quartz crys- 
tal piece prepared separately from the functional device 
chip 1, 

The photosensitive resin film 110b of a dry film 
resist 1 10 is laminated on a base 1 19 provided with tiie 
metallic film 120 (FIG. 13-d). The cover 5b is then 
formed from the photosensitive resin film 110b on the 
metallic film 120 by the ordinary exposure method by 
using a photo-mask 1 12 designed to block the opening 
of tiie support layer 5a (FIG. 13-f). The metallic film 120 
is then removed by etching using the cover 5a as a 
masK thereby obtaining the isolation layer 9 (FIG. 13- 

g). 

Furthermore, the base 1 1 9 provided with the isola- 
tion layer 9 and the cover 15b is positioned so as to face 
the functional device chip 1 provided with the support 
layer 5a (FIG. 13-h). The cover 5b is transferred onto 
the support layer 5a by applying heat and pressure. At 
this time, since the contact force between the base 119 
and the isolation layer 9 is very weak, the isolation layer 
9 is transferred onto the support layer 5a while being 
attached onto tiie back surface of the cover 5b (FIG. 13- 
I). 

In this embodiment, since tiie adhesion force 
between the base 119 and the metallic film 120 is 
weaker tiian the adhesion force between tiie support 
layer 5a and the cover 5b, the cover 5b having no warp 
and provided witii the isolation layer 9 on its k)ack can be 
formed on the support layer 5a formed on tiie functional 
device chip 1. This process of forming the space 
retainer 5 can also be used to form a space retaining 
structure for a device having functional portions 2, 2 on 
both side of tiie chip 1 . such as a crystal oscillator. 

As described above, by using the space retaining 
structure production method wherein the metallic film 
and tiie cover are integrally transferred to the support 
layer, the cover can be prevented from being warped, 
thereby obtaining a space retaining structure having a 
proper shape around tiie functional portion of tiie func- 
tional device chip, and providing improvement in yield of 
the functional device. 

Although a quartz crystal is used for tiie base in this 
embodiment, it is possible to use a glass circuit sub- 
strate or a single-crystal oxide ctrcurt substrate. In addi- 
tion, other metals can also he used for the metallic film 
120 if such metals have a weak affinity for oxygen and if 
the adhesion force t)etween the base 119 and the metal 
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is weak. In case the adhesion force between the base 
and the metallic fOnri is controlled, an intermediate layer 
made of chromium, titanium, aluminum, nickel, silicon or 
the like can also be used. 

5 

(Embodiment 7) 

FIG. 14 is a schematic view showing a space 
retainer 5 forming process for forming both an isolation 
layer 9 and a cover 5b at the same time just as in the w 
case of embodiment 6. First, a support layer 5a is 
formed on a functional device chip 1 provided with a 
functional portion 2 and electrode pads 3 (FIGS. 13a to 
1 3c). Up to this step, the forming process is the same as 
those of emt)odiments 1 and 6. is 

Next, a metallic film made of gold and having a 
thickness of atjout 300 nm is formed on the base 1 19 
made of a quartz crystal piece prepared separately from 
the fonctional device chip 1 . The metallic film 1 20 is pat- 
tern-formed by using a liquid photoresist 111b for the 20 
ordinary photo-exposure method and also by using a 
photo-mask (not shown) designed to block at least a 
part of the opening of the support layer 5a so as to 
obtain the isolation layer 9 (FIG. 14-d). In this embodi- 
ment, the metallic film 120 is pattern-formed after the 2S 
metallic film 120 is formed on the entire surface of the 
base. However, the metallic film 1^ can be formed on 
the Isolation layer 9 by the lift-off method. 

In the next place, a dry film resist 1 1 1 is laminated 
on the base 1 1 9 provided with the isolation layer 9 (FIG. 30 
14-e). Like the pattern formation of the isolation layer 9, 
the cover 5b is formed on the isolation layer 9 by the 
ordinary exposure method by using a photo-mask 1 15 
designed to t^ockthe opening 20 of the support layer 5a 
(FIG. 14-g). 35 

The base 119 provided with the Isolation layer 9 
and the cover 5b Is positioned so as to face the func- 
tional device chip 1 provided with the support layer 5a 
(FIG. 14-h). arrd heated under pressure, thereby trans- 
ferring the cover 5b onto the support layer 5a. Since the 4o 
adhesion force between the base 119 and the isolation 
layer 9 is weakened signif icantiy to facilitate separation 
at this time, the isolation layer 9 can be transferred onto 
the support layer 5a while the isolation layer 9 remains 
attached to the back surface of the cover 5b (FIG. 1 4-i). 4S 

Although a quartz crystal was used for the base 
119. glass, a single crystal of another oxide or the like 
can also be used. In addition, although gold was used 
for the metallic film, other metals can also be used for 
the metallic film if such metals have a weak affinity for 50 
oxygen and if the adhesion force between the base and 
the metal is weak. Furthermore, in case the adhesion 
force between the base and the metallic f 3m is control- 
led, an intermediate layer made of chromium, titanium, 
aluminum, nickel, silicon or the like can also be used. 55 

In tills emtxxllment. since the adhesion force 
between tiie base and the metallic film is weaker than 
the adhesion force between the support layer and the 
cover, it is possit)le to form the cover 5b, which is pro- 
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vided with the isolation layer 9 on the back surface 
thereof, on ttie support layer 5a formed on tiie functional 
device chip 1 . Consequentiy. it is possible to obtain a 
space retaining structure having a proper shape. How- 
ever, in case the pattern formation of the metallic film is 
performed earlier than the pattern formation of the cover 
5b, a certain level of adhesion force is necessary 
between the base and tiie metallic film, and it is prefer- 
able that a second metallic film having a strong affinity 
for oxygen Is formed as an intermediate metallic film. 
The second metallic film should preferably be made of a 
metal selected from a group consisting of chromium, 
titanium, nickel, aluminum and silicon, or should prefer- 
ably be a multilayer film made of these metals. 

As described above, by using the space retaining 
structure formation method wherein the metallic film 
and the cover are integrally transferred to the support 
layer, the cover can be prevented from being warped, 
thereby obtaining a space retaining structure having a 
proper shape around tiie functional portion of the func* 
tional device chip, and providing improvement in yield of 
the functional device. 

(Embodiment 8) 

In this embodiment, a crystal oscillator having func- 
tional portions 2. 2 used as oscillation surfaces provided 
on the two main surfaces 21 , 21 on the top and bottom 
sides of the functional device chip 1 is used as an eiec- 
tironic part as shown in FIG. 15. Electi-ode pads 3a, 3b 
for establishing electric conduction between an external 
circuit and the functional portions 2 provided with exci- 
tation electrodes are made of a metallic film including 
gold as a main ingredient and formed on the two oppo- 
site main surfaces 21 of the chip 1 . 

Rrst, just as in the case of embodiment 1 , the sup- 
port layer 5a and the cover 5b of a space retainer are 
formed on both the main surfaces 21, 21 of the func- 
tional device chip 1 by using a dry film resist. A metal 
mask having an opening corresponding to tiie shape of 
the cover 5a is prepared, and an isolation layer 9 made 
of a goM film is formed by the electronic beam d^30si- 
tion method. A grounding electrode pad 3b is formed on 
a main surface 21 of the chip 1 , and the isolation layer 9 
on the main surface 21 is electrically connected to the 
grounding electrode 3b. 

Next, the functional device chip 1 provided with the 
space retainers 5 is adhered and secured to wiring elec- 
trode pads 83. 83 on a circuit substrate 8 via electrode 
interconnection portions 6 made of a conductive adhe- 
sive. Furthermore, the entire chip is covered by molding 
a sealing resin 7, thereby obtaining an electronic part of 
a resin mo\6 type. 

Rnally, the sealing resin 7 is thermoset. Conse- 
quently, it is possible to obtain an electronic part 
wherein the functional portion 2 of the functional device 
chip 1 is securely h^metically sealed. 

Although the electrode interconnection portions 6 
are made of a conductive adhesive in the case of the 
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functional device chip 1 having the functional portions 2, 
2 on both the main surfaces 21. 21 thereof in this 
embodiment, the same electric connection can also be 
obtained even when conductive projection portions 6a 
are used. 

{Embodiment 9) 

FIG. 16 shows an acoustic surface-wave device 
having a functional portion 2 on a main surface 21 of a 
functional device chip 1 . as an electronic part. Electrode 
pads 3 for establishing electric conduction between the 
functional portion 2 provided with an interdigitai elec- 
trode and an external circuit are formed on the chip 1 by 
metallic films mainly consisting of aluminum by using 
the ordinary photolithographic method. A ceramic multi 
layer circuit substrate is used for the circuit sutDStrate 8 
of the device. At the circuit substrate 8, a passive device 
121 Is prefbrmed in the inner layers of the ceramic multi 
layer circuit substrate. 

First, just as in the case of embodiment 1. the sup- 
port layer 5a and the cover 5b of a space retainer 5 are 
formed on the functional device chip 1 by using a dry 
film resist. An isolation layer 9 made of aluminum is 
formed on the cover 5a by the vacuum deposition 
method, and the isolation layer is electrically connected 
to a grounding electrode pad 3b. Conductive projection 
portions 6a each having a two-step structure are formed 
on the electrode pads 3a, 3b by the ball bonding method 
using gold wires. The plural conductive projection por- 
tions 6a formed on tiie circuit substrate 8 are adjusted to 
have a uniform height on a mirror-finished base. Just as 
in the case of emkxx:liment 3. a phenoxy thermoplastic 
conductive adhesive 6b wherein an AgPd alloy having a 
constant thickness is used as a filler is transferred and 
applied to the projection of the conductive projection 
portion 6a. The chip 1 coated with the conductive adhe- 
sive 6b is positioned so as to face the circuit substrate. 
The conductive adhesive is thermoset so as to establish 
conduction to the circuit substrate. In this ennbodiment. 
the p>assive device 121 is preformed in the internal lay- 
ers of the ceramic multilayer circuit substrate of tiie cir- 
cuit substrate 8 so as to establish electrical connection 
to the chip 1. 

In the end, an epoxy sealing resin 7 is charged into 
the clearance formed between the chip 1 and the circuit 
substrate 8. and thermoset, thereby obtaining an elec- 
tronic part wherein the functional portion 2 of the chip 1 
is securely hermetically sealed. 

In this embodiment, since the circuit substrate com- 
prises two dielectric circuit substrate layers da, 8b, it is 
possible to include in the passive device 121 therebe- 
tween. After the support layer and the cover are formed. 
It is possible to prevent conductive foreign matters from 
entering the functional portion. Therefore, no clean 
environment is required in the process of mounting ttie 
functional device chip or In the process of mounting 
passive and active devices, other than the chip, on a cir- 
cuit suk}strate on which the chip has been mounted as a 



bare chip, thereby significantly reducing production 
cost. 

In this embodiment a metallic protection cap 207 Is 
provided on the circuit substrate 8 to cover the chip 1 . 

5 The protection cap 207 is electi-ically connected to the 
grounding electrode 83b formed on the circuit substrate. 
With this structure, the functional portion 2 of the chip 1 
can have higher moisture resistance and higher radio 
frequency shielding performance. Instead of a metal, a 

10 molded moisture-proof resin, such as a molded liquid- 
crystal resin, can also be used. 

(Embodiment 10) 

15 FIG- 17 shows an example of electronic parts, 
wherein a plurality of functional device chips 1, 1 are 
arranged and mounted on a circuit substrate 8. and tiie 
circuit substrate 8 Is made dividable by cutting tiie circuit 
substrate 8 along the boundaries of the chips 1,1. Just 

20 as in tiie case of the above-mentioned embodiment, a 
functional portion 2. electrode pads 3, and the support 
layer 5a and the cover 5b of a space retainer 5 are 
formed on the main surface 21 of each chip 1, although 
tiiey are not shown. Electrode interconnection portions 

25 6 are formed on the elecfrode pads 3 formed on the chip 
or electrode pads formed on the circuit substrate 8. A 
plurality of chips 1 . 1 are an^anged at predetermined 
positions on the circuit substrate 8 via the eiecb'Ode 
interconnection portions 6, and secured by a sealing 

30 resin. The chips are secured by charging and curing an 
insulating sealing resin 7 at predetermined positions on 
the large circuit substrate 8 wherein unit circuit sub- 
strate portions are an-anged in two dimensions via the 
electrode pads 3 connected by tiirough holes 122. 

35 The circuit substrate is divided to obtain individual 
chips 1 by cutting the circuit substrate along cutting 
lines 123 between adjacent chips 1. 1 together with the 
through holes 122. With this cortfiguration, even com- 
pact electronic parts can be handled easily, since they 

40 are secured on ttie large circuit substrate 8. Further- 
more, each process can be carried out for all chips, 
tiiereby signif icantiy increasing productivity. 

The method of arranging a plurality of the functional 
device chips 1, 1, in particular a large numk>er of tiie 

45 chips 1. 1 on the relatively large circuit substrate 8 is 
also applicable when an electa'ontc part comprises a 
combination of a plurality of chips 1 or when a module is 
made by combining a functional device witii other pas- 
sive and active devices. 

50 

(Embodiment 11) 

FIG. 18 is a schematic view showing tiie structure 
of an electronic part wherein two functional device chips 
55 are mounted on a multilayer circuit substrate. In this 
embodiment, a plurality of functional device chips 1 are 
mounted on a circuit substrate 8 comprising dielectric 
circuit substrate layers 8a to 8d by the same mounting 
method as that of embodiment 1 . In the circuit suk)strate 
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8, electrodes disposed among the layers are connected 
to one another by via holes 124 passing through the cir- 
cuit substrate layers 8a. 8b. 8c and 8d, and also con- 
nected to the conductive projection portions of the 
electrode interconnections of the chips. Various drcuit 
devices formed by strip lines or open tabs are built in 
among the circuit substrate t^ers so as to match the 
impedance values of the chips to those of external or- 
curts. In tNs embodiment, semiconductor devices or 
other active devices other than the functional devices 
can be mounted by one operation, although such 
devices are not shown. Consequently, various complex 
modular structures can be obtained. 

Furthermore, by integrally mounting one or more 
functionaJ device chips together with other passive or 
active devices, it is possible to obtain a variety of com- 
pact complex modules at low cost Moreover, by using a 
circuit substrate having a dielectric multilayers, various 
passive devices can be built in the circuit substrate. This 
makes it possible to obtain electronic parts being com- 
pact in size, high in performance and low in cost. 

Besides, after a space retainer 5 comprising a sup- 
port layer and a cover is formed, it is possible to prevent 
conductive foreign matters from entering the functional 
portion. Therefore, no clean environment is required in 
the process of mounting the functional device chips or in 
the process of mounting passive and active devices, 
other than the chips, on a circuit substrate on which the 
chips have been mounted as bare chips, thereby signif- 
icantly reducing production cost. 

(Embodiment 12) 

FIG. 19 shows an acoustic surface-wave device 
having a functional portion 2 on a main surface of a 
functional device chip 1. A space retainer 5 made of a 
resin film and comprising a support layer 5a and a cover 
5b is formed on the chip 1 by using a dry film resist. A 
metal mask having an opening larger than the external 
surface shape of the cover 5b is prepared, and a first 
isolation layer 9a made of an aluminum film is formed by 
the sputtering method. The first isolation layer 9a is con- 
nected to a grounding electrode 3b so as to be used as 
a radio frequency shield. A second isolation layer 9b, 
which is an insulating layer made of silicon oxide, is 
formed on the first isolation layer 9a by the sputtering 
method. The second isolation layer 9b made of an insu- 
lating inorganic film completely covers the first isolation 
layer 9a and makes contact with an input/output elec- 
trode pad 3a and the grounding electrode pad 3b. Fur- 
thermore, the wall surfaces of the support layer 5a and 
the cover 5b are also covered, thereby enhancing her- 
metic sealing and perfecting moisture resistance. This 
ensures the stability of the space retainer 5 against a 
sealing resin to be applied to the second isolation layer 
9b later. 

After tiie second isolation layer 9b is formed, con- 
ductive projection portions 6a are formed on the elec- 
trode pads 3 of the functional device chip 1 so as to 



obtain electrode interconnection portions 6 by the t^all 
bonding method using gold wires. The chip 1 is posi- 
tioned face-down on a circuit substrate 8. The conduc- 
tive projection portions are connected to wiring 

5 elecfrode pads 83 formed on the circuit sut)strate 8 by 
using both heat and ultrasound. In the end. an epoxy 
scaling resin 7 is charged into tiie clearance formed 
between the chip 1 and the circuit substrate 8. and tiie 
thermoset. Consequently, it is possible to obtain an 

10 electronic part wherein the functional portion 2 of the 
chip 1 is securely hermetically sealed. 

As detailed above, in the electa-onic part of the 
present invention, a space retainer for providing a 
sealed space at the functional portion of a functional 

15 device chip comprises a support layer, which is made of 
a syntiietic resin, has an opening enclosing the func- 
tional portion and is joined onto the main surface of the 
chip, and a cover, which covers the functional portion so 
as to provide a hermetically sealed space fc)etween tiie 

20 cover and tiie functional portion, is formed on tiie sup- 
port layer by joining. The sealed space at the functional 
portion can thus be hermetically seated. Therefore, the 
chip can be directly mounted on a circuit substrate. As a 
result, it is possilDle to obtain a highly reliable electronic 

25 part which does not require any container-shaped pack- 
age. 

Furthermore, in the electronic part of the present 
invention, an isolation layer made of a metallic film 
and/or an insulating inorganic material is formed on the 

30 external surface of the space retainer. With this struc- 
ture, reaction between a sealing resin used to hermeti- 
cally seal tiie space retainer and a resin constituting the 
space retainer is avoided, thereby preventing malfunc- 
tion which may occur when the space retainer is 

35 deformed by swelling. In addition, electromagnetic 
shiekJing is provided so as to improve radio frequency 
characteristics, and the interior of the space retainer 
has higher moisture resistance. Consequentiy, it is pos- 
sible to obtain an electronic part having far higher relia* 

40 bility. 

The electric connection between the functional 
device chip and the circuit substrate is accomplished by 
using electrode interconnection portions irrplemented 
by conductive projection portions projecting from the 

45 electi'ode pads of the chip or the circuit substrate. Witii 
tills structure, the clearance between the chip and the 
drcuit substrate can be adjusted easily. The charging of 
the sealing resin and the mounting of the chip by curing 
the sealing resin can be carried out very easily, quickly 

50 and securely. It is tiius possible to obtain an electronic 
part being superior in productivity and reliability. 

In the electronic part production method of the 
presem invention, the process of forming the space 
retainer comprises a step of forming a support layer 

55 used to enclose the functional portion of the functional 
device chip by forming an opening from a synthetic resin 
film or a deposition inorganic film, arxj a step of forming 
a cover made of a synthetic rean on the support layer. 
The step of forming the support layer and the cover is 
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accomplished by pattern-forming a photosensitive resin 
film. Therefore, the support layer and the cover can be 
formed and joined very accurately, and the joint portion 
can have high hermeticity Therefore, the space at the 
functional portion can be hermetically sealed, and the 5 
chip can be directly mounted on the circuit sut>strate. As 
a result, it is possible to otMain a highly reliable elec- 
tronic part which does not require any container-shaped 
package. 

The isolation layer on the external surface of the 10 
space retainer can be formed at the time when the 
cover is formed by the method of pattern-forming a pho- 
tosensitive film. This is advantageous since the isolation 
layer can be formed accurately and quickly 

The functional device chip provided with the above- is 
mentioned space retainer in accordance with the 
present invention is stable even when exposed to a 
sealing resin and moisture. For this reason, the chip can 
be mounted on a circuit substrate easily by both the 
face-up and face-down mounting methods. In addition. 20 
it is possible to easily produce an electronic part of a 
resin mold type by using a sealing resin, or an electronic 
part of a package type by using a protection cap. 

Claims 25 

1 . An electronic part comprising : 

a functional device chip having a functional por- 
tion on at least one main surface thereof, 30 
a space retainer for forming a sealed space at 
said functional portion of said chip, 
a circuit substrate to which said chip Is 
secured, 

electrode interconnection portions for estab- 35 
lishing electric connection between said chip 
and said circuit substrate, and 
a sealing resin for covering arxl sealing at least 
sard space retainer, wherein 

said space retainer comprises a support 40 
layer made of a synthetic resin film, provided 
with an opening enclosing said functional por- 
tion and joined onto said main surface, and a 
cover formed and joined onto said support 
layer so as to cover said functional portion and 45 
form a sealed space between said cover and 
said functional portion. 

2. An electronic part according to claim 1. wherein 
said functional device is a piezoelectric oscillation so 
device having an oscillation surfece of said func- 
tional portion of said chip. 

3. An electronic part according to claim 1. wherein 
said functional device chip is adhered and secured ss 
to said circuit substrate via an adhesive in the con- 
dition that a surface opposite to the said main sur- 
face provided with said functional portion is 
disposed to face said circuit substrate. 



26 

4. An electronic part according to claim 1, wherein 
said functional device chip is secured to said circuit 
sul}strate via said sealing resin in the condition that 
said main surfece provided with said functional por- 
tion is disposed to face said circuit sut)strate. 

5. An electronic part according to claim 1, wherein 
said support layer is a photosensitive resin film pat- 
tern-formed on said main surface. 

6. An electronic part according to claim 1. wherein 
said support layer is made of a film of resin applied 
to said main surface by printing and then cured. 

7. An electronic part according to claim 1, wherein 
said support layer is a semi-cured resin sheet pre- 
formed, transferred and joined onto said main sur- 
face. 

8. An electronic part according to claim 1 . wherein the 
thickness of said support layer is 3 ^m or more. 

9. An electronic part according to claim 1 . wherein the 
thermal expansion coefficient of said support layer 
is substantially the same as that of a material con- 
stituting said functional device chip. 

10. An electronic part according to claim 1, wherein 
said cover is made of a synthetic resin film. 

11. An electronic part according to claim 1, wherein 
said cover is made of a photosensitive resin film 
made by pattern formation. 

12- An electronic part according to claim 1, wherein the 
surfaces of electrode pads formed on said func- 
tional device cNp and connected to said electrode 
interconnection portions are made of metallic films 
mainly consisting of gold. 

13. An electronic part according to claim 1 , wherein an 
insulating inorganic film is formed and joined on 
said functional portion of said functional device 
chip. 

14. An electronic part according to claim 1, wherein 
said cover of said space retaner is provided with an 
isolation layer on the external surface thereof, and 
said space retainer is joined to said sealing resin 
via said isolation layer. 

15. An electronic part according to claim 14, wherein 
said isolation layer is made of a metallic film. 

16. An electronic part according to claim 14, wherein 
said isolation layer is electrically connected to a 
grounding electrode formed on said functional 
device chip. 
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17- An electronic part according to claim 13, wherein 
said isolation layer is made of an insulating inor- 
ganic film. 

18. An electronic part according to claim 17. wherein s 
said isolation layer is formed so as to cover the 
entire external surfaces of said support layer and 
said cover of said space retainer. 

19. An electronic part according to claim 14, wherein io 
said isolation layer has a two-layer structure com- 
prising a metallic film and an insulating inorganic 
film. 

20. An electronic part according to claims 1 and 3. is 
wherein said electrode interconnection portions are 
made of thin metallic wires mainly consisting of gold 

or aluminum. 

21. An electronic part according to daim 1 or 4, 20 
wherein said electrode interconnection portions 
comprise conductive projection portions made of a 
metal. 

22. An electronic part according to claim 21, wherein 25 
said electrode interconnection portions comprise 
conductive protection portions made of a metal, 
and a conductive adhesive transfeired and formed 

so as to receive the end portions of said conductive 
projection portions. 30 

23. An electronic part according to daim 21 or 22, 
wherein said conductive projection portion is made 
of a metal mainly Consisting of gold or a solder 
alloy. 35 

24. An electronic part according to daim 21 or 22. 
wherein said conductive projection portion has a 
two-step projection structure provided with a small- 
diameter portion at the tip thereof. 40 

25. An electronic part according to daim 21 or 22, 
wherein said conductive projection portions are 
formed on said functional device chip. 

45 

26. An electronic part according to daim 21 or 22. 
wherein the height of the first-step projection of said 
conductive projection portion having said two-step 
projection structure is made higher than the sum of 
the heights of said support layer and said cover. so 

27. An electronic part according to daim 21 or 22, 
wherein said conductive projection portion are 
formed on said drcuit substrate. 

55 

28. An electronic part accorcfing to daim 21 or 22. 
wherein said electrode pads formed on said drcuit 
sut>strate and connected to said electrode intercon- 
nection portions are made thicker than other elec- 



trode patterns fbrmed on said drcuit substrate. 

29. An electronic part according to daim 1. wherein 
said electronic part comprises a protection cap 
which is placed over said functional device chip 
secured to said circuit substrate, and secured to 
said circuit substrate via an adhesive. 

30. An electronic part according to daim 29, wherein 
said protection cap is made of a metal and electri- 
cally connected to said grounding electrode fbrmed 
on said circuit substrate. 

31. An electronic part according to daim 29, wherein 
said protection cap is made of a liquid-crystal resin. 

32. An electronic part according to claim 1 . wherein a 
plurality of said functional device chips are inte- 
grsUly mounted on a single circuit substrate. 

33. An electronic part according to claim 1, wherein 
said circuit suk)strate is a dielectric multi layer circuit 
sut^strate. 

34. An electronic part according to daim 33. wherein 
passive devices are ksuilt in said drcuit suk)strate. 

35. A method of producing an electronic part by secur- 
ing a functional device chip to a drcuit substrate 
comprising a process of forming a space retainer 
on at least one main surface of said chip so as to 
from a sealed space at the functional portion of said 
chip having said functional portion on said main 
surfece, wherein 

said process of forming said space retainer 
comprises a step of pattern-forming, on said main 
surfece. a support layer made of a synthetic resin 
film and having an opening endosing said func- 
tional portion of said chip, and a step of forming a 
cover made of a synthetic resin film on said support 
layer. 

36. A method of produdng an electronic part according 
to claim 35. wherein said method comprises, after 
said step of forming said space retainer for forming 
said sealed space on said main surface of said 
functional device chip, a step of adhering arKi 
securing the opposite surface of said main surface 
of said chip to said circuit substrate, a step of elec- 
trically connecting said chip to said circuit sub- 
strate, and a step of applying a sealing resin to said 
space retainer so as to cover said space retainer. 

37. A method of producing an electronic part according 
to claim 35. wherein said method comprises, after 
said step of forming said space retainer for forming 
said sealed space on said main surface of said 
chip, a step of forming electrode interconnection 
portions on said chip or said circuit sut)strate, a 
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step of connecting said electrode interconnection 
portions to said circuit substrate in the condition 
that said main surface of said chip is disposed to 
face said circuit substrate, and a step of charging a 
sealing resin into the clearance between said chip 
and said circuit substrate so as to hermetically seal 
said space retainer and said electrode interconnec- 
tion portions and so as to secure said chip. 

38. A method of producing an electronic part according 
to daim 35. 36 or 37, wherein said functional device 
chip is a piezoelectric oscillation device having an 
oscillation surface at said functional portion. 

39. A method of producing an electronic part according 
to claim 36 or 37. wherein electrode pads con- 
nected to said electrode interconnection portions 
are formed on said functional device chip, and the 
surfaces of said electrode pads are made of a 
metallic film mainly consisting of gold in advance. 

40. A method of producing an electronic part according 
to daim 36 or 37. wherein an insulating inorganic 
film is formed and joined on said functional portion 
of said functional device chip in advance. 

41 . A method of producing an electronic part according 
to claim 35, 36 or 37, wherein said step of forming 
said support layer is attained by pattem-fbrming a 
photosensitive resin film on said main surface. 

42. A method of producing an electronic part according 
to claim 35, 36 or 37. wherein said step of forming 
said support layer is attained by applying a liquid 
insulating resin to said main surface by using 
screen printing. 

43. A method of producing an electronic part according 
to claim 35, 36 or 37, wherein said step of forming 
said support layer is attained by forming an opening 
in a semi-cured resin sheet and by laminating said 
resin sheet on said main surface of said functional 
device chip. 

44. A method of producing an electronic part according 
to claim 35. 36 or 37, wherein said step of forming 
said cover is attained by transferring said cover 
made of a synthetic resin film and preformed on a 
separate base to said support layer and by heating 
said cover under pressure. 

45. A metiiod of producing an electronic part according 
to daim 35. 36 or 37. wherein said step of forming 
said cover is attained, after fonning a metallic film 
on said separate base, also forming a syntiietic 
resin film cover corresponding to the opening of 
said support layer and having at least an area 
larger than that of said opening on said metallic film 
on said base, and removing said metallic film by 



etching by using said cover as a masK by applying 
heat under pressure in the condition tiiat said base 
provided with said metallic film and said cover is 
disposed to face said support layer of said func- 
5 tional device chip, by integrally transferring said 
metallic film and said cover onto said support layer, 
and by forming an isolation layer made of a metallic 
film on said cover. 

10 46. A method of producing an electronic part according 
to daim 35, 36 or 37, wherein said step of forming 
said cover is attained, after forming, on said base, a 
metallic film corresponding to the opening of sad 
support layer and having at least an area larger 

IS thfiUfi that of said opening, and also forming a syn- 
tiietic resin film cover having the same shape as 
that of said metallic film on said metallic film on said 
base, by applying heat under pressure in the condi- 
tion that said base provided with said metallic film 

20 and said cover is disposed to face said support 
layer of said functional device chip, by integrally 
transferring said metallic film and said cover onto 
said support layer, and by forming an isolation layer 
made of a metallic film on said cover. 

25 

47. A method of producing an electronic part according 
to claim 45 or 46. wherein said base is made of an 
Inorganic material mainly consisting of oxide. 

30 48. A method of producing an electronic part according 
to claim 45 or 46, wherein said metallic film mainly 
consisting of gold. 

49. A method of producing an eledronic part according 
35 to claim 44 or 46. wherein said metallic film com- 
prises two layers: a first metallic film mainly consist- 
ing of gold and a second metallic film disposed 
tjetween said f ffst metallic film and said base. 

40 50. A method of producing an eledronic part according 
to claim 49, wherein said second metallic film 
mainly consists of a metal selected from a group 
consisting of chromium, titanium, nickel, aluminum 
and silicon. 

45 

51 . A method of producing an electronic part according 
to claim 49. wherein said second metallic film has a 
multilayer structure. 

50 52. A method of producing an electronic part according 
to daim 35. 36 or 37. wherein said process of form- 
ing said space retainer comprises a step of forming 
an isolation layer at least at the external surface of 
said cover by coating using a physical forming 

55 method after said cover is formed. 

53. A method of producing an eledronic part according 
to claim 35, 36 or 37, wherein said method com- 
prises a step of joining a protection cap for covering 
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said functional device chip to said circuit substrate 
via an adhesive after said chip is secured to said 
circuit substrate. 

54. A method of producing an electronic part according s 
to claim 35, 36 or 37, wherein a plurality of said 
functional device chips are integrally secured onto a 
single circuit sitetrate. 

55. A method of producing an electronic part according io 
to claim 35. 36 or 37, wherein said method com- 
prises a step of cutting and dividing said single cir- 
cuit substrate imo unit circuit substrate portions 
after a plurality of said functional device chips are 
arranged and secured onto said single circuit sub- is 
strata. 
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Fig.9 
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Fig. 13 
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Fig.14 
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Fig.16 
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Fig.18 
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